framework. The thermogravimetric analysis (TGA) of these materials under H e shows a rather abrupt weight loss near 400-450 O C . The sharpness, as well as the relatively high temperature, of the TGA transition is not consistent with the expected thermal behavior of nonentrained methyl-or dimethylammonium cations. The IR absorptions associated with the organic cations disappear at temperatures corresponding to the TGA transition.
There is no sharp weight loss in this temperature regime for the Mo2P3OI2(0H)y frameworks that contain no organics such as Cs(H3O) [Mo@2(m4)2(HmdI lo and H30[Mo202(m4)2(H2P-o4)1.I0
The structure of 2, (CH3NH3)[Mo202(P04)2(H2P04)], was examined with a single-crystal X-ray diffraction study." Figure  1 shows the structure of 2 viewed both parallel and perpendicular to the MoOPO,-like layers, and the interlamellar phosphate groups are obvious. There is a slight disorder of the P(OH)2 portion of the P02(OH)2 group about a crystallographic 2-fold axis. All of the Mo atoms are in the 5+ oxidation state and display the characteristic short M o -0 molybdenyl contacts (1.61 (1) A).
While the analytical data discuwed above leave no doubt that there are stoichiometric amounts of MeNH3+ cations in the molybdenum phosphate framework of 2, we could find no trace of the cation in the crystal structure. All of the significant peaks in the final difference map (+1.70 to -1. 41 were near the Mo or P atoms. The simulation of the powder X-ray diffraction pattern of 2 generated from the single-crystal coordinates shows that the bulk material has the same structure found in the crystal used for the single-crystal X-ray diffraction study. The inability to locate the cations is probably due to a combination of three factors: (a) the tunnel in which the cation resides is larger than the cation, thus imposing little preferred orientation; (b) both ends of the MeNH3+ cation have essentially identical sizes and shapes, facilitating hydrogen bonds in one of two possible directions within the tunnel; (c) there is a 2-fold disorder in the interlamellar phosphate group, which is partially responsible for determining the size and shape of the tunnel, about a crystallographic 2-fold axis ( Figure lb) . To determine if these organic cations could be removed without collapsing the framework, i.e. if it were possible to generate any substantial internal micropore volume, we examined the water absorption isotherms at room temperature after the thermal decomposition of the organic cations. After a sample of (CH3)2N-Hz[Mo20z(P04)2(H2P04)] was heated from 25 to 400 OC at a linear rate over 24 h under vacuum, the weight of water absorbed as a function of the water vapor pressure was measured. As shown in Figure 2 , the shape of the absorption isotherm is type 112 indicative of the absorption of the guest molecule into the micropores of the host and shows that the sample takes up 9-10 wt % water into the micropores in a nearly reversible manner. During this heating cycle the sample turned from yellow to brown but the powder X-ray diffraction measurements indicated that the sample was still crystalline although with somewhat broader peak widths indicative of a reduction in particle size or a slight reduction in crystalline order. Since the density of the M o -P a framework of this phosphate is >2.7 gcm-l and if the density of the adsorbed water is assumed to be less than or equal to 1 gem-', then the absorbed water comprises ca. 25% of the volume of the hydrated sample. The water uptake, especially on the initial low-pressure absorption points, was rather slow, indicating that the water tilled the internal volume of the crystals via a tortuous pathway.
In summary, a new class of molybdenum phosphates based on the M o~O~( P O~)~( H~P O~) -framework can be easily prepared by the reaction of a MoS+ source in the presence of phosphoric acid.
Unlike many other open framework solids, which yield a specific structure when hydrothermally prepared in the presence of a specific templating cation, the M O~O~( P O~)~( H~P O~) -framework is very accommodating in terms of formation in the presence of cations of varying sizes and shapes. Absorption isotherms indicated it was possible, after decomposition of the entrained organic cation, to access essentially all of the internal volume of the solids when water is used as the probe molecule. for sharing his related results on this system prior to publication and to Drs. J. W. Johnson and A. J. Jacobson for useful discussions.
Supplementary Material Available: Table S 1, listing experimental crystallographic details, positional and thermal parameters, and bond distances and angles (9 pages); Table S2 , listing calculated and observed structure factors (9 pages) . Ordering information is given on any current masthead page. The lack of suitable Ti(I1) starting compounds has probably been the limiting factor in the development of this chemistry. Recent results have shown that amines have an unexpected stabilizing effect on low-valent vanadium,12 and due to the fact that these compounds are versatile starting materials', for studying the poorly known chemistry of V(II), we were especially interested in testing a similar synthetic strategy for the chemistry of lowvalent group 4 transition metals. In this paper we wish to report the synthesis and crystallographic characterization of a novel class of rr~ns-CI,Ti(amine)~ complexes.
As illustrated in Scheme I the reduction of TiCI,(THF Conformational disorder was observed for the C3 and C4 atoms of the TMEDA ethylenic bridge. The solution chemistry of 2 is characterized by a remarkable lability of the coordinated TMEDA ligands, allowing facile ligand replacement reactions with several amines, and formation of the corresponding trans-CI2TiL4 derivatives [L = TriMEDA (3), pyridine (4), 2,2'-bipyridine, (5)] in crystalline form. The lability of the coordinated amine is probably responsible for the thermal instability of 2-4 toward the disproportionation to higher oxidation states. For instance, light violet crystals of 2 dissolve in both T H F and toluene, yielding golden yellow solutions, which darken slowly at room temperature. The only identifiable reaction product was the mixed-valence species 1, obtained as light brown in the final refinement. R = 0.072, R. = 0.084, and GoF = 1.60. The hi hest residual peak in the final difference Fourier map was 0.500 e / i 3 . Due to the conformational disorder, atoms C3 and C4 were isotropically refined with an occupancy of 50%.
Znorg. Chem. 1991, 30, 156-158 needles upon standing 24 h at room temperature (Scheme 11). Very fast reaction was observed in boiling THF. A similar fate was observed for the pyridine complex 4, whose royal blue solutions turned brown at room temperature within 24 h, forming olive green needles of TiC13(py)3 upon cooling. Complex 3 decomposes only slowly in boiling toluene. Conversely, complex 5 and the mixed-valence species 1 are thermally robust and can be refluxed in T H F for several days without observing any appreciable decomposition. That 1 is a Ti(II)/Ti(III) mixed-valence species has been indicated by its quantitative formation from TiC13(THF)3 with TiC12(TMEDA)2 (1: 1 ratio). In accordance, chemical degradation of 1 with pyridine gave a mixture of olive green TiC13(py), and royal blue TiC12(py)4, which have been identified after fractional crystallization. While the 1 : 1 ratio has been confirmed by analytical data,16 the dimeric structure has been tentatively assigned on the basis of the close similarities with the results obtained in the chemistry of analogous vanadium derivatives.'2b Satisfactory elemental analyses have been obtained for all the complexes. 16 The low value of the magnetic moment of 116 is consistent with the presence of one unpaired electron per demeric unit. The ESR spectrum at X-band frequency at 295 K showed an isotropic spectrum characteristic of an octahedral species S = (g = 1.9384), and the g anisotropy observed at 77 K (gl = 1.9485, g,, = 1.9264) confirmed that the complex has an axial symmetry.I7
These observations suggests also that a strong Ti-Ti interaction (probably bonding) may be present in complex 1. With the only exception of 5, which is diamagnetic, the other complexes are paramagnetic, with values of wef1I6 as expected for a high-spin dZ electronic configuration.
The general tendency of 2 to take part in aggregation reactions with MX, species (M = AI, Zn, Mg, Ln; X = CI, Me, Et, OR, H) is at present under investigation in view of its relevance to Ziegler-Natta modeling studies.
Activated Molybdenum-Molybdenum Quadruple Bonds. 2. First Example of Alkyne Additions to Metal-Metal Quadruple Bonds
Quadruply-bonded dimetal complexes have been known for more than 26 years;l however, their use in activation of alkynes and other small molecules has received lirtle attention.2d Previously, we reported that ethylenediamine (en) solutions of M o~( O~C M~)~ (1) produced an "activated" quadruply-bonded dimolybdenum dication, [Mo2(en)4(OzCMe)2]z+[(0zCMe)2]2-.en, that showed unusual reactivity toward a variety of inorganic and organic substrate^.^^^ As a continuation of these studies, we describe here the first alkyne derivatives of a metal-metal quadruply-bonded c~m p l e x .~ The alkyne ligands in these compounds are thermally hydrogenated and extruded as alkenes via an unusual amine-to-alkyne hydrogen-transfer reaction.
Addition of the terminal aryl alkynes 4 -R C 6 H 4 C s H (R = 
